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before he had heard of Clausius' results, he had indepen-
dently discovered the method of reconciling the theories of
the  conservation of energy and  Carnot's  cycle.    In his
paper of 1851, where he is describing the circumstances
of Clausius' priority and his own later but independent
discovery, he does not say whether he was immediately
convinced of the force of the reasoning he had independently
discovered.    Thomson's admirers tended to assume that
Clausius had, by fortunate accidents, forestalled him on one
or  two  points  in  his  grand  and  almost  single-handed
development of the complete foundation of the science of
thermodynamics.   Now it is probably true that Thomson
could have developed nearly the whole of this  science
unaided, but in fact Clausius discovered the most funda-
mental point first, and years afterwards, when the centre
of Thomson's interests had moved into  other subjects,
Clausius continued to improve the mathematical theory of
thermodynamics and passed on to fundamental work on the
kinetic theory of gases.   Clausius and Rankine had assumed
in their theoretical investigations that the scale of absolute
temperature was virtually the same as that given by the
variation of the volume of the permanent gases through
changes in temperature.    Thomson and Joule began an
investigation of the behaviour of gases in order to discover
how far it departed from the theoretical conception of the
behaviour of a perfect gas.   This led to the discovery of the
Thomson—Joule effect by which an expanding gas cools
itself owing to the extension in average distance between
its molecules and the consequent absorption of energy in
overcoming the slight attractive forces that exist between
molecules of most permanent gases.   This cooling effect is
very slight relative to the cooling effect due to the conver-
sion of a gas's heat into mechanical work when it is expanded
in an engine through a large range of temperature.   Hence,
as is well known, the Thomson—Joule effect has become the
basis of modern low-temperature engineering.    The pre-
paration of liquid oxygen and the separation of gases by
low-temperature distillation have now become immensely
important industrial and military processes.    The high

